INTRODUCTION
The Kinan Seamount Chain is located in the central part of the Shikoku Basin, one of the largest back arc basins in the Philippine Sea Plate in the northwest Pacific (Figs. 1A and 1B) . The Shikoku Basin started rifting at ~30 Ma and ceased spreading at ~15 Ma (e.g., Okino et al., 1994 Okino et al., , 1998 Okino et al., , 1999 . Formation of the Kinan Seamount Chain has been suggested to have occurred contemporaneously with or just after cessation of spreading in the Shikoku Basin (e.g., Kobayashi et al., 1995) . Another back arc basin, the Parece Vela Basin, is located to the south of the Shikoku Basin. Although the Parece Vela Basin was active contemporaneously with the Shikoku Basin (e.g., Okino et al., 1998) , a rift valley system is developed at the spreading center of the Parece Vela Basin in contrast to the axial seamount chain of
PETROLOGICAL, GEOCHEMICAL, AND ISOTOPIC CHARACTERISTICS
Basaltic rocks were recovered during the R/V Tanseimaru Cruise (KT 99-4) from Kii, DaiichiKinan, and Hakuho seamounts, which collectively constitute the Kinan Seamount Chain (Fig. 1B) . Samples from Kii and Hakuho seamounts are large enough to conduct petrological, geochemical, isotopic, and bulk rock (major and trace element concentrations) analyses. Preliminary mineral and major bulk rock compositions for these rocks were reported in Ishii et al. (2000) .
According to Ishii et al. (2000) , basalts from Kii and Hakuho seamounts are scarcely phyric to olivine-plagioclase (+/-clinopyroxene)-phyric basalts with intersertal to intergranular texture. They are classified as tholeiite-series rocks, but they are slightly enriched in alkali and incompatible elements (Fig. 2) . C1-chondrite normalized patterns exhibit LREE-enrichment of approximately 40 times chondrite without a Eu anomaly ( Fig. 2A) . In a N-MORB normalized spidergram, they show patterns between OIB and E-MORB (normalizing values are from Sun and McDonough, 1989) with no Nb depletions (Fig.  2B) . Furthermore, on a tectonic discrimination diagram (Meschede, 1986) , they plot in the withinplate basalt (WPB) field or the within-plate tholeiite/alkali (WPT or WPA) field (Fig. 2C) . Cores of olivine phenocrysts are enriched in NiO and basalt from Hakuho seamount has relatively low FeO*/MgO (1.02), suggesting that they have relatively primitive compositions. Relations between olivine and coexisting spinel in the OSMA diagram (Arai, 1994) indicate that residues corresponding to Kii and Hakuho seamount magma include spinel with Cr# = 0.4, which are consistent with lherzolite compositions.
Basalt samples from Daiichi-Kinan seamount are too small for petrological analysis. Preliminary results from micro-XRF suggest that they can be considered alkali series rocks. Analyses of glasses by microprobe analyzer also indicate that the glasses are rich in alkali (Ishii et al., 2000) . Compositional variations of olivine and (NOAA Product Information Catalog, 1988 and Ishii et al. (2000) , and open stars indicate the sampling sites by previous studies. Map data are from Smith and Sandwell (1997 (Hickey-Vargas, 1998) . REE normalizing values are from Sun and McDonough (1989) (A) . Average OIB and E-MORB values and N-MORB normalizing values are from Sun and McDonough (1989) (Hickey-Vargas, 1998 (2σ), and JNdi-1 neodymium standard of GSJ (Geological Survey of Japan) was 0.512097 ± 0.000008 (2σ). Analytical methods follow Liu et al. (1994) , Zhang et al. (1995) , and Chang et al. (2000) . Figure 3 
. (C) Tectonic discrimination diagram of Meschede (1986). Symbols as in (A), and smaller stars indicate the Shikoku Basin tholeiite

DISCUSSION
Geochemical and isotopic variations in basalts from the Shikoku Basin
Based on petrological and geochemical characteristics, basalts from Kii and Hakuho seamounts are slightly enriched within-plate tholeiite. Basalt from Koshu seamount has similar characteristics to Kinan and Hakuho basalts, although it is slightly enriched in incompatible elements including large ion lithophile elements (LIL), high field strength elements (HFS), and rare earth elements (REE) (Sakamoto and Kim, 1999) . To compare our data with previously published data from the Shikoku Basin, geochemical results (mainly from Hickey-Vargas, 1991) are also plotted in Figs. 2A to C. Basalts from different sites in the Shikoku Basin collected during DSDP Leg 58 have similar characteristics, except for a basaltic sill from DSDP Site 444. These characteristics are, first, a relatively flat normalized pattern Fig. 3 . 87 Hickey-Vargas (1991 , 1998 , and Cohen and O'Nions (1982) . Numbers indicate possible isotopic end-members to produce the Philippine Sea volcanic rocks (Hickey-Vargas, 1991 (20-30 times chondrite) with minor depletion in La and negative Eu anomalies in the chondritenormalized REE diagram ( Fig. 2A) . Second, in the N-MORB normalized diagram they have smaller LIL values to E-MORB but are clearly enriched in HFS elements compared to E-MORB (Fig. 2B) . Moreover, they have negative Nb anomalies. Finally, they are classified into N-MORB in the tectonic discrimination diagram (Fig. 2C ). In contrast, enriched basalts from the Kinan Seamount Chain, and the basaltic sill from DSDP Site 444, have quite different characteristics from Shikoku Basin basalts.
Although Hickey-Vargas (1991 , 1998 ) treated all basalts, including several basalts with enriched signatures, from the Shikoku Basin as one group, we have reclassified them into two groups: slightly enriched tholeiite-series back-arc-basin basalts, and the more enriched basalts. Basalts from the Kinan Seamount Chain and the basaltic sill from DSDP Site 444 belong to the latter group.
The differences in REE abundance indicate variations in the petrological characteristics of mantle sources of the Kinan Seamount Chain. Because the enriched basalts from the Kinan Seamount Chain are more depleted in HREE than those of the Shikoku Basin tholeiite ( Fig. 2A) , we suggest that residues for the Kinan Seamount Chain basalts contain minerals that have relatively higher distribution coefficient for HREE in basaltic melts: garnet, distribution coefficient (D) of 4.03 for Yb to basalt, amphibole (D = 0.59), and clinopyroxene (D = 0.28) (McKenzie and O'Nions, 1991) . Flat patterns in HREE relative to steep patterns in LREE indicate that amphibole and/or clinopyroxene, rather than garnet, remain as important minerals in the residual mantle after extraction of the Kinan Seamount Chain basalt. Strictly speaking, because the abundances of HREE for the enriched basalts from the Kinan Seamount Chain differ at each seamount, modal compositions of these minerals in residual mantle may be different in places.
Isotopic characteristics of basalts from the Shikoku Basin were previously summarized by Hickey-Vargas (1991 , 1998 (Fig. 3) . 87 Sr/ 86 Sr value previously reported by Matsuda (1985) for basalt from Hakuho seamount (0.7033 ± 5 after HCl leaching) is consistent value with those for the enriched basalts by this study. Hickey-Vargas (1991 , 1998 considered that basalts from the Shikoku Basin formed as a mixture of a normal MORB source with EMI component (source 1 in Fig. 3 ) and an OIB source with EMII component (source 2 in Fig. 3) . However, isotopic characteristics of enriched basalts from the Kinan Seamount Chain show that they result from the mixing of sources 1 and 2, whereas the Shikoku Basin tholeiite seems to be affected only by source 1 (Fig. 3) .
Enriched OIB-type basalts from the Benham Rise (DSDP Site 292) (Fig. 1A) , which is comparable in size to a small oceanic island (approximately 40,000 km 3 ), are the representative basalts strongly affected by source 2 (Fig. 3) and result from plume or hotspot activity beneath the Philippine Sea plate 36-37 Ma (Hickey-Vargas, 1998) . Because the enriched basalts from the Kinan Seamount Chain certainly contain the signature of the source 2 as suitable end member for mixing, they are considered to have a deep mantle source.
Implications for post-spreading magmatism in marginal basins
Basalt from Kii seamount is 15.39 ± 0.11 million year old (Ar-Ar age, Ishii et al., 2000) , those from Koshu seamount are approximately 7 to 8 m.y. (K-Ar age, 7.91 ± 0.19, Katsura et al., 1994;  7.1 ± 1.1, Sakamoto and Kim, 1999) , and the sill from DSDP Site 444 is 14.7 ± 2.1 m.y. (K-Ar age, McKee and Klock, 1981) . These results indicate that the formation and eruption of enriched basalts in the Shikoku Basin occurred during the last stage of Shikoku Basin spreading and/or after cessation of spreading, rather than continuously during back arc spreading (~30-15 Ma). This suggests that the spreading of the Shikoku Basin prevented eruption of an enriched magma. The volume of the each seamount in the Kinan Seamount Chain is very small (for example, approximately 40 km 3 for Kii seamount). Therefore, we suggest that small volumes of enriched magma were mixed with the more voluminous tholeiite magma, and the enriched signature was completely overwhelmed prior to the last stage of spreading and/or cessation of spreading. After that period, the shallower mantle where tholeiite magma was produced cooled, and this allowed the enriched magma from deeper in the mantle to be erupted without significant mixing.
Similar magmatic successions characterized by enriched volcanic rocks that erupted during the last stage and/or after cessation of backarc spreading are also recognized in some backarc basins in the western and northwestern Pacific.
Basalts from the Scarborough Seamount Chain, at the extinct spreading axis of the South China Sea Basin, also have enriched characteristics both in their geochemistry and isotopic compositions (Tu et al., 1992) , and they were active after cessation of spreading in the South China Sea (13.8 ± 1.03 and 9.9 ± 1.40 Ma in Ar-Ar ages and 3.49 ± 0.58 Ma in K-Ar age: Wang et al., 1985) . Chung and Sun (1992) investigated the geochemical and isotopic characteristics of basalts from the East Taiwan Ophiolite, which were part of an oceanic plate of the South China Sea. They concluded that these basalts formed during postspreading volcanism under a low degree of partial melting of "plum-pudding" heterogeneous mantle.
Enriched post-spreading basalts are also reported from the Central Basin Fault, an extinct spreading axis of the West Philippine Basin (Fujioka et al., 1999) that is the oldest backarc basin in the Philippine Sea plate. Although there are no seamount chains along the Central Basin Fault, geochemical and age relationships between normal backarc basin basalts and enriched basalts suggest a similar origin to Kinan and Scarborough Seamount Chains.
These observations indicate that post-spreading magmatism characterized by geochemically and isotopically enriched basalts are commonly formed during the final stage and/or after cessation of backarc spreading. A plausible explanation is that mantle upwelling induced by backarc spreading did not cease immediately and continued after cessation of backarc spreading.
In contrast, as mentioned above, a deep rift valley is developed in the central part of the Parece Vela Basin, which was spreading contemporaneously with the Shikoku Basin (e.g., Okino et al., 1998) . Three-dimensional shear wave velocity structure in the upper mantle beneath the Philippine Sea Plate shows a significant velocity contrast between the Shikoku and Parece Vela Basins (Nakamura and Shibutani, 1998) . These results suggest that there is a low velocity layer indicating high-temperature or partially molten asthenosphere is widely developed beneath the Shikoku Basin, whereas a 30-40 km thick high velocity layer indicating cold lithosphere is found beneath the Parece Vela Basin. Although these two basins had similar spreading histories, at the terminal phase of the basin genesis the Parece Vela Basin was in a magmatically starved condition (Okino et al., 1998) . Recent results of high-resolution bathymetric investigations at the extinct axial valley of the Parece Vela Basin show large mullion structures with slightly elevated mantle Bouguer anomaly and mafic rocks from lower crust to upper mantle, suggesting amagmatic spreading during the last stage of Parece Vela Basin development (Ohara et al., 2001) . Thus, these two basins had different asthenospheric thermal conditions in the later stage of their evolution (approximately 18-15 Ma: Okino et al., 1998) . The activity of the Kinan Seamount Chain may reflect this difference.
CONCLUSIONS
Geochemical and isotopic characteristics of basalts from the Kinan Seamount Chain are similar to those of the basaltic sill from DSDP Site 444, and different from those of the Shikoku Basin tholeiite. Basalts from the Kinan Seamount Chain and DSDP Site 444 have enriched compositions between E-MORB and OIB equivalent to within-plate basalts. Their 87 Sr/ 86 Sr and 143 Nd/ 144 Nd values indicate that these magmas are mixing products of a normal MORB tholeiitic source with the EMI signature and an OIB-type melt with the EMII signature (Hickey-Vargas, 1991). They were generated at the last stage or after the cessation of the Shikoku Basin spreading by a slight upwelling of the enriched magma source from deeper part of the mantle. It is proposed that such "post-spreading magmatism" is a common process during the final stage and/or after cessation of backarc spreading in the western Pacific region.
